Summary. The highest levels of carnitine and acetylcarnitine were found in the cauda, and spermatozoa from the proximal cauda contained significantly greater amounts of carnitine than those removed from the corpus or caput epididymidis. Acetylcarnitine levels (as a % of the total carnitine pool) were greater in all regions of the rabbit epididymis than has been reported in other species. It is suggested that the accumulation of carnitine is involved in sperm maturation.
Introduction
Carnitine is present in exceedingly high concentrations in the epididymis of rats (Marquis & Fritz, 1965a; Casillas, 1972; Brooks, Hamilton & Mallek, 1974) and other species (Casillas, 1972) . We have previously shown that carnitine accumulates in bovine spermatozoa as they mature in the epididymis and have suggested that one of the functions of the organ is to supply carnitine to spermatozoa as they mature (Casillas, 1973) . We have also presented evidence that carnitine plays a special role in the metabolism of mature bovine and monkey spermatozoa (Casillas & Erickson, 1975a) . The relation between the carnitine content of epididymal sperma¬ tozoa and their ability to fertilize eggs has not been studied previously and is one of the subjects of this report. Since the fertility of spermatozoa removed from various sections of the rabbit epididymis is known (Bedford, 1966; Orgebin-Crist, 1967) , we decided to measure the carnitine content of rabbit epididymal spermatozoa and to compare these data with the fertility of spermatozoa removed from the same regions of the epididymis.
In addition, we measured carnitine levels present in sections of the epididymis to determine whether the distribution pattern of carnitine within the rabbit epididymis is similar to that of other species. Finally, since acetylcarnitine has been proposed as an energy source for rabbit spermatozoa as they traverse the epididymis (Storey & Keyhani, 1974) , we have measured the levels of this compound in rabbit epididymal tissues. The idea proposed by Lardy & Phillips (1941a, b) that endogenous phospholipids serve as an energy source for spermatozoa as they traverse the epididymis is generally accepted but has been recently questioned (Darin-Bennett, Poulos & White, 1973; Storey & Keyhani, 1974) . Storey & Keyhani (1974) have reported that the mitochondria of rabbit epididymal spermatozoa lack type I carnitine palmitoyl transferase and hence are unable to oxidize long-chain fatty acids. Since these mitochondria readily oxidize acetylcarnitine (Storey & Keyhani, 1974) 
Analysis of carnitine and acetylcarnitine
Extracts for the analyses of carnitine and acetylcarnitine were prepared according to the procedure described by Pearson & Tubbs (1964) as modified by Casillas (1972) . In brief, spermatozoa suspended in 0-5 m-H004 were disrupted further by sonic irradiation. The epididymal fluid solutions were acidified by the addition of sufficient 5 m-HC104 to yield a final concentration of 0-5 m. In both cases, acid-insoluble material was removed by centrifugation and the acid-soluble fraction was neutralized with KOH. The KC104 precipitate was removed by another centrifugation and carnitine present in the clear, neutral extracts was determined by the method described by Cederblad & Lindstedt (1972) with modifications suggested by McGarry & Foster (1976) . The limit of sensitivity was 5 pmol and the relative deviation of 5 duplicate analyses was 2-10%. In 3 experiments, the recovery of carnitine added to perchloric acid extracts of spermatozoa was 100 ± 10%. Acetylcarnitine, present in the HC104-soluble fraction, was estimated by assaying for carnitine liberated by the hydrolytic procedure described by Pearson & Tubbs (1964) . Comparative studies that measured acetylcarnitine by a direct method (Marquis & Fritz, 1965a) showed that essentially all of the carnitine liberated by hydrolysis was originally acetylcarnitine. 
Results

Carnitine content ofepididymal spermatozoa
The carnitine content of spermatozoa removed from the 6 regions studied is shown in Table  1 . There was a significant increase in sperm carnitine content as the cells passed from the midpiece to the cauda. Small amounts of acetylcarnitine, less than 10% that of carnitine, were also present in epididymal spermatozoa. experiments showed that this procedure extracted at least 90% of the total carnitine and acetylcarnitine present in the segments when total carnitine was measured by extracting the segments with dilute perchloric acid (Pearson & Tubbs, 1964) . Furthermore, less than 5% of the total carnitine from the cauda and less than 1% from the caput epididymidis was present in washed spermatozoa. The fact that the compounds were easily washed from incised tissue suggests that they were derived from the epididymal plasma rather than the tissue itself.
Discussion
The results presented here extend our previous observation (Casillas, 1973) that carnitine accumulates in bovine spermatozoa as they progress through the epididymis. These results are qualitatively similar to those found in the bull (Casillas, 1973) in which carnitine levels increased about 10-fold as the cells passed from the caput to the cauda epididymidis. The carnitine content of spermatozoa removed from various regions of the rabbit epididymis correlates well with the fertility of these cells as reported by Bedford (1966) and by Orgebin-Crist (1967) . These investigators have reported that although significant numbers of fertile spermatozoa first appear in the distal corpus, the cauda region contains a higher percentage of mature spermatozoa than does the distal corpus. For example, Orgebin-Crist (1967) found that after intrauterine insemination, spermatozoa from the distal corpus epididymidis fertilized 57% of the recovered eggs while caudal spermatozoa fertilized 90%. We have not shown that the carnitine content of spermatozoa from the distal corpus, whose fertility is appreciable, is significantly greater than that of spermatozoa from the proximal corpus epididymidis. Nevertheless, there appears to be an increase in the carnitine content of spermatozoa as they progress through this region. Another suggestion of a close correlation between the accumulation of carnitine by rabbit spermatozoa and their fertility comes from the results of preliminary experiments now in progress on spermatozoa maintained in culture within sections of the epididymis. We have observed that the carnitine content of spermatozoa from the proximal corpus, maintained in culture with dihydrotestosterone, is greater than that of control cells in culture without androgen (E. R. Casillas, unpublished). Orgebin-Crist & Tichenor (1973) have reported that under identical conditions of culture, spermatozoa develop the ability to fertilize ova. Obviously, further experimentation is necessary to determine whether the accumulation of carnitine is an indispensable event in the maturation of spermatozoa.
The increase in sperm carnitine content may also be related to the development of sperm motility that takes place during transit through the epididymis. In the rabbit, spermatozoa gradually change their pattern of motility from a weak vibration of the tail in cells released from the seminiferous tubules to a vigorous unidirectional progression in cells released from the cauda epididymidis (Bedford, 1975 (1974) who reported that 87-2, 9-6 and 3-2% of the total carnitine in the rat cauda epididymidis was recovered in the epididymal plasma, in washed spermatozoa, and in the remaining tissue, respectively. The observation that most of the rabbit epididymal carnitine is found in the cauda epididymidis (Regions 5 and 6) agrees with similar results obtained in the rat (Marquis & Fritz, 1965a; Casillas, 1972; Brooks et al, 1974) and in the monkey, boar and bull (Casillas, 1972) .
The total amounts of carnitine plus acetylcarnitine in the rabbit, about 1-2, 1-7 and 5-0 µ /g wet weight in the caput, corpus and cauda epididymidis, respectively, are about the same as those found in the monkey (Casillas, 1972) , about twice those found in the bull (Casillas, 1972) and about one-third to one-half the amounts present in the rat (Brooks et al., 1974) . Surprisingly, acetylcarnitine in the rabbit epididymis makes up a larger percentage of the HC104-soluble carnitine fraction than is found in other species: in the rabbit the value ranges from about 30% in the corpus to 40% in the caput and cauda epididymidis compared with 25% in the caput to 6% in the cauda of the bull (Casillas, 1972) and about 10% in both the caput and cauda of rats (Brooks et al., 1974) . The high levels of acetylcarnitine in the rabbit epididymis suggest that it might be used as an energy source, at least in this species, by spermatozoa as they progress through the epididymis. Whether these differences between species are due to differences in the rates of acetylcarnitine synthesis or in the rates of acetylcarnitine oxidation by spermatozoa is unknown and is a problem that is being investigated. That (Casillas & Erickson, 1975b) . Tanphaichitr & Broquist (1974) have shown that the final reaction in the synthesis of carnitine occurs primarily in the liver and to a lesser extent in the testis. The testis does not appear to be the source of epididymal carnitine since near-normal levels of the compound accumulate in the epididymides of castrated rats that have been treated with testosterone (Marquis & Fritz, 1965b; Casillas & Erickson, 1975b) . It is therefore suggested that the carnitine reaches the epididymis via the blood supply and that the concentration of carnitine within epididymal fluids and the accumulation of carnitine by spermatozoa are an integral part of epididymal function.
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